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The purpose of this task was to produce and characterize rabbit anti-atropine
antisera for future analytical studies, and to establish and validate the
Walter Reed Army Institute of Research (WRAIR) atropine radioimmunoassay (RIA)
at Battelle's Columbus Laboratories. For Phase I of this task, an atropine-
BSA conjugate was prepared and characterized. This conjugate had an
atropine:BSA molar ratio of approximately 32:1, and was used to immunize 12
atropinase-free New Zealand White rabbits for periods of 13 or 21 months using
two separate schedules. Antisera were collected and titrated using the RIA
procedure. Two rabbits having the highest titer were identified, and their
sera were pooled for RIA development. Although the titers of these sera were
10-20-fold lower than antisera from Dr. Smallridge at WRAIR, the RIA
characteristics were similar. Using a 1:600 dilution, standard curves were
generated with consistent detection limits of 3.0 ng/mL and response ranges
extending to 20 ng/mL. A representative standard curve had a slope of 0.984,
a y-intercept of 5.975, an ED05 of 432.7 pg/SO pt, and a bound cpm/total cpm
(B/T) value of 0.32.

The pooled antibody was evaluated for specificity with various
atropine analogues, and crossreactivity was obtained only with L-hyoscyamine
(3.5 percent), and d,l-homatropine (9.4 percent). Scooolamine, acetylcholine
iodide, atropine methyl nitrate, tropic acid, and tropine showed no
significant crossreactivity (< 1.4 percent). The WRAIR anti-atropine antisera
reportedly crossreacts with L-hyoscyamine (2.4 percent) and d,l-homatropine
(3.3 percent) at similar levels 1). Binding constants for the Battel1e apd
WRAIR antisera were determined from Scatchard plots to be 9.75 x 10"i M" and
2.8 x 10'10 M"., respectively.

In Phase II, the atropine RIA was established and validated at
Battelle's laboratories using the Standard Operating Procedure and antisera
provided by Dr. Smallridge, WRAIR. Comparable response criteria were
demonstrated for the assay. Using a 1:1600 dilution of the WRAIR antisera,
the atropine RIA had a detection limit of 1.0 to 1.5 ng/mL, a response range
extending to 20 ng/mL, and a B/T of 0.60. The accuracy of the method was
demonstrated in an interlaboratory comparison. Spiked rhesus monkey serum
samples were prepared at WRAIR and were analyzed at Battelle and WRAIR. Thd
correlation coefficient of the interlaboratory comparison was 0.98 with a
slope of 0.928 and an intercept of 13.94. The recovery of atropine from
spiked samples was within 20 percent of the target value at 0, 150, and
500 pg/5O pL, and within 23 percent of the target value at 50 pg/50 P.

In summary, the WRAIR atropine RIA was established and validated at
Battelle, and additional anti-atropine antisera sufficient for the analysis of
more than 24,500 samples (205 mL at 1:600 dilution) were prepared iid
characterized. However, high-t~fred antisera were not obtained during these
studies, possibly due to the chemical instability of atropine and/or the
conjugation chemistry.
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I EXECUTIVE SUMMARY

The purpose of this task was to produce and characterize rabbit

anti-atropine antisera for future analytical studies, and to establish and

validate the Walter Reed Army Institute of Research (WRAIR) atropin&

radloninunoassay (RIA) at Battelle's Columbus Laboratories. For Phase I of

this task, an atropine-BSA conjugate was prepared and characterized. This

conjugate had an atroptne:BSA molar ratio of approximately 32:1, and was used

to imnunize 1Z atrooinase-free New Zealand White rabbits for periods of 13 or

21 months using two separate schedules. Antisera were collected and titrated

using the RIA procedure. Two rabbits having the highest titer were
identified, and their sera were pooled for RIA development. Although the

m titers of these sera were 10-20-fold lower than antisera from Dr. Smallridge

at WRAIR, the RIA characteristics were similar. Using a 1:600 dilution,

i standard curves were generated with consistent detection limits of 3.0 ng/mL
and response ranges extending to 20 ng/mL. A representative standard curveI had a slope of 0.984, a y-intercept of 5.975, an ED., of 432.7 pg/50 AL, and a

bound cpm/total cpm (B/T) value of 0.3Z.

The pooled antibody was evaluated for specificity with various

atropine analogues, and crossreactivity was obtained only with L-hyoscyamine

3.5 percent), ard d,l-homatropine (9.4 percent). Scopolamine, acetylcholine

iodide, atropin3 methyl nitrate, tropic acid, and tropine showed no

significant crc. "activity (< 1.4 percent). The WRAIR anti-atropine antisera

reportedly cr, .-ac's with L-hyoscyamine (2.4 percent) and d,l-homatropine

(3.3 percent) at similar levels(l). Binding constants for the Battelle and

WRAIR antisera were determined from Scatchard plots to be 9.75 x I0-" M-' and

2.8 x 10"13 M"W, respectively.

In Phase II, the atropine RIA was established and validated at

Battelle's laboratories using the Standard Operating Procedure and antisera
provided by Dr. Smallridge. WRAIR. Comparable response criteria were

demonstratEd for the assay. Using a 1:1600 dilution of the WRAIR antisera,

the atropine RIA had a detection limit of 1.0 to 1.5 ng/mL, a response range

Sextending to 20 ng/mL, and a B/T of 0.60. The accuracy of the method was

demonstrated in an interlaboratory comparison. Spiked rhesus monkey serum

samples were prepared at WRAIR and were analyzed at Battelle and WRAIR. The
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correlation coefficient of the interlaboratory comparison was 0.98 with a
slope of 0.928 and an intercept of 13.94. The recovery of atropine from

spiked samples was within 20 percent of the target value at 0, 150, and

500 pg/50 1L., and within 23 percent of the target value at 50 pg/50 ALL.

In summary, the WRAIR atropine RIA was established and validated at

Battelle, and additional anti-atropine antisera sufficient for the analysis of

more than 24,500 samples (205 mL at 1:600 dilution) were prepared and

characterized. However, high-titered antisera were not obtained during these

studies, possibly due to the chemical Instability of atropine and/or the

conjugation chemistry.
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TASK 89.0Z:

INVESTIGATION OF AN ATROPINE RADIOIMMUNOASSAY

1.0 INTROOUCTION

An atropine radloimmunoassay (RIA) developed by Wurzberger at
al.CI) has been used routinely by the U.S. Army at the Walter Reed Army
Institute of Research (WRAIR). This task was requested ,y the U.S. Army
Medical Research and Development Command (USAMROC) to produce additional anti-
atropine antisera for future studies, and to establish this RIA capability at

Battelle Columbus Laboratories.

The task was performed in two phases. In the first phase, rabbit
anti-ttropine antisera were produced and characterized in order to provide an
antibody source for future pharmacokinetic studies. Atropine sulfate was
conjugated to bovine serum albumin (BSA) using a water soluble carboditmide
reaction. Rabbits were immunized with the atropine-BSA conjugate and
anti-atropine antibodies were produced. The antibodies were characterized for
specificity and binding constant, and were incorporated into an established

atropine liA.
In the second phase, the atropine RIA was established and validated

at Battelle's laboratories. Using the Standaed Operating Procedure and rabbit

anti-atropine antibodies provided by Or. Robert Smallridge of WRAIR, Battelle
developed and validated the atropine RIA procedure. The two phases of the
task were conducted concurrently.

2.0 MATERIALS AND METHODS

2.1 Phase I. Preparatioti of Anti-Atrooine Antisera

2.1.1 Preparation of Atrooine-BSA Conjuoate

An atropine-protein conjugate was prepared as an immunogen using the

procedure described by Wurzberger et al.(') One hundred thirty seven
milligrams (1 mmol) of p-aminabenzoic acid (PABA; Sigma Chemical Co.,
St. Louis, MO) were dissolved in 6 mL ice-cold 0.2 N HCI by stirring in an ice
water bath (reaction vessel number 1). Ninety milligrams (1.3 mmol) of NaNOZ



(Sigma Chemical Co., St. Louis, HO) waz dissolved In Ice cold deionized water

and was added dropwise with stirring. Four milliliters of ice-cold,

SO percent dimethylforiamide (OMF; Sigma Chemical Co., St. Louis, HO) was

added and the reaction was allowed to proceed for 50 uin at 0 degrees to

2 degrees C. Twenty nine milligrams (0.3 mol) of sulfamic acid (Sigma
Chemical Co., St. Louis, MO) was dissolved in ice cold deionized water and

added at the conclusion of the Incubation to quench the unused Na4Oý.
Seven hundred seventy eight milligrams (1.33 miol) of atropine

sulfate (Sigma Chemical Co., St. Louis, NO) were dissolved in 20 sL 0.1 M
sodium borate, pH 9.0. The atropine solution was then stirred on ice

(reaction vessel number 2) as diazotized PABA from reaction vessel number L

was added dropwise. The reactants were then stirred at 0 degrees to 2 degrees

C in the dark. The pH in reaction vessel number Z was adjusted to 9.0 with

I N NaOH, and the mixture was stirred overnight at 0 degrees to Z degrees C in

the dark.
The diazo reaction mixture (vessel number Z) was then brought to

room temperature. At this stage, the reaction mixture was dark red. Two

milliliters of buffer (0.2 M NaHKPO, O.Z percent NaN3, pH 5.5) were added tc

the reaction and the pH was adjusted to 6.0 with 1.0 N HCl. The total volume

of the reaction mixture was approximately 40 mL.
Forty four milligrams of N-hydroxysulfosuccinimide (sulfo-NHS;

Pierce, Rockford, IL) and 800 mg of I-ethyl-3-(3-d1methylaminopropyl)

carbodilmide hydrochloride (EDC; Pierce, Rockford, IL) were added

simultaneously to reaction vessel number 2, giving final concentrations of
S M ,nd 100 nmM, respectively. Two hundred milligrams (2.98 ;moles) of bovine

serum albumin (BSA; Sigma Chemical Co., St. Louis, MO) were dissolved In 10 mL
of I M KH2PO, and, 0.1 percent NAN3, at a pH of 8.0, and the BSA solution was
added to reaction vessel number 2. The p11 of the mixture was adjusted to 8.0

and the mixture was stirred I hr at room temperature. The reaction vessel was
transferred to a refrigerator at 4 degrees C and stirred overnight.

The contents of reaction vessel number 2 were transferred to pre-

boiled dialysis tubing (12,000 MW cutoff) and were dialyzed at 4 degrees C for

6 hr against Z x I L of 20 percent OMF. The conjugate was further dialyzed at

4 degrees C against 6 x 3 L of 0.15 M NaCl over a 3-day period. The dialyzed

atropine-BSA conjugate was filtered through Whatman number 1 filter paper.
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I3
I The volume was adjusted to 200 mL (I mg atropine-BSA/mL) with the diffusate

from the last change of dialysis buffer. The conjugate was aliquoted and

I stored at 5 -70 degrees C.

2.1.2 Determination of Free Amino Groups

The concentration of free amino groups and the level of atropine

substitution on BSA were determined using the 2,4,6 trinitrmbenzene-sulfonic

acid (T7BS; Sigma Chemical Co., St. Louis, MO) method(23.

The TNBS reaction was performed as illustrated in the following

table. Each sample determination was run in duplicate. The contents of each

tube were mixed and incubated at 40 degrees C for '0 min. The reaction was

stopped by the addition of 100 aL of 1 N HCI. Th: absorbance at 335 nm (A.•)
was determined against an appropriate blank using a 04-50 spectrophatometer.

A molar extinction coefficient (e. n) of 10,000 was used to determine the

concentration of free amino groups.

"'STub •e .. amp VoTume of' EachI mconent to be, Added
iiii:;: i:,.••.:.SampTeý ! SaItine, W NaRC(I T M I TNBS'

1 1 Blank-i 0 560 340 0
2 BSA so 510 340 0
3 BSA 100 160 340 0
4 Atr-BSA 50 510 340 0
5 Atr-8SA 100 460 340 0
6 Blank-2 0 230 340 330
7 RSA s0 180 340 330
8 BSA 100 130 340 330
9 Atr-BSA 50 180 340 3301 10 jo'Atr-BSA 100 130 340 330

2.1.3 UV Spectroscopy

Absorption spectra of BSA (0.1 mg/mL), atropine sulfate (1.0 Mg/mL),

and atropine-BSA conjugate (0.1 mg/mL) were determined using a Beckman OU-50

spectrophotometer.

I
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2.1.4 Size Exclusion Chromatoaraohy

BSA and the atropine-BSA conjugate were analyzed using size
exclusion chromatography. Samples of each in 50 mM KYHPO, and 150 mM NaC1 at

pH 7.0 were analyzed on a Superose-6 column (Pharmacla, Pi;cataway, NJ) using

an FPLC system (Pharmacia, Piscataway, NJ) at a flow rate of 1.0 mL/min.

I 2.1.5 Antisera Production

3 Anti-atropine antibodies were produced in atropinase-free, male New

Zealand White rabbits. The rabbits were screened for atropinase activity using

I Medical Research and Evaluation Facility (MREF) Standard Operating Procedure

(SOP-88-48) prior to beginning the immunization schedule. Two immunization

schedules were employed. In the first schedule, four rabbits were immunized

I with atropine-BSA conjugate prepared in monophosphoryl lipid A with trehalosa

dicorynomycolate (MPL - TUM) adjuvant (Ribi Immunochem, Hamilton, MT).

m Animals were immunized for 21 months. Initially, and at the conclusion of the

study, rabbits were re-immunized at three-week intervals. From month two

through month 19, rabbits were immunized at two-month intervals. Rabbits were

immunized with I mL of the adjuvant-antigen emulsion containing ZOO ;&g

atropine-BSA. For the first two months of the study, the Injections w .e
distributed as follows: 300 gL Intradermally (ID; 50 ;t1/site x 6 sites on
back), 400 gL intramuscularly (IM; 200 uL/hind leg), 100 /M. subcutaneously

(SQ) at one site on the neck, and 200 AL intraperitoneally (IP). During

months 4 through 7, animals received 40 ID injections on the back with

25 tL/injection site. For the last 12 months of the study, rabbits were

immunized with 500 gL IM (250 AL/hind leg) and 500 AL SC (2 x 250 ML./site In

neck). Sera *ere obtained from animals ten days after each boost.

An additional eight rabbits were immunized according to a second

schedule. In this regimen, animals were injected with an emulsion containing

500 gq atropine-BSA in Freund's complete adjuvant (GIBCO, Grand Island, N.Y.)
for the initial immunization and, 250 cg atropine-BSA in Freund's Incomplete

adjuvant thereafter. All injections were performed in a volume of 3 mL

distributed as follows: I tL IM (0.5 mL/hind leg), I mL SC (2 x 0.5 mt in the

subscapular region) and 1.0 mL ID (10 x 0.1 mL on the back). Serum samples

were obtained 10 days after each re-immunization.

I



Anti-atropine antibody titers were monitored reguldrly by

determining percent bound cpm/total cpm (B/T) for serially diluted sera from
1:100 to 1:12,800. The RIA was performed according to the Standard OperatingE Procedure prepared by Battelle (Appendix B). Day I addition of sara and

reagents to RIA tubes was performed with a Tecan RSP 5052 Robotic Sample

I Processor (Tecan U.S., Hillsborough, NC). The assay specificity of the pooled
anti-atropine antisera was evaluated using atropine structural analogs and

atropine metabolites. 1-hyoscyamine hydrochloride, atropine methyl nitrate,

(-) scopolamine hydrochloride, d,l-homatropine hydrobromide, acetylcholine

iodide, tropine, and d,l-tropic acid were purchased from Sigma Chemical Co.,

St. Louis, MO. These compounds and atropine sulfate were prepared in 10 nm4
Na2HPO, containing 150 n$M NaClat a pH of 7.5 to give final concentrations of3 O.14P1, 1.48, 14.8, and 148 nM in the RIA. The compounds were evaluated in the

atropine RIA and percent bound cpm/background cpm (8/Bo) was determined at
3 each concentration.

The antibody binding constant was determined using Scatchard plots.

mndependunt determinations were made using data frcm two atropine standard

curves and the values were averaged. Scatchard plots were produced using
RiacalcT" software, v. 2.65 (Pharmacia LKB tnc., Gaithersburg, MO) by plotting

I 8/F versus nM atropine.

2.2 Phase 11. Establish and Validate Atroolne RIA at Battelle

l Battelle was provided with a Standard Operating Procedure for the
atropine RIA (Appendix A) and with rabbit anti-atropine antisera by

I Or. Robert Smallridge of WRAIR. Battelle established this method by

optimizing the assay and performing validation experiments. The RIA was
performed manually according to the SOP. Battelle performed standard curves
to demonstrate the detection limit and the response range. The precision of

the standard curve was investigated by performing from 2 to 14 r•plicates of

3 each atropine standard.
Rhesus monkey serum samples were spiked with atropine sulfate at 2,3 10, and 20 ng/mL. Battelle analyzed these samples to demonstrate the accuracy

of this procedure. Battelle and WRAIR each prepared Rhesus monkey serum

samples spiked with atropine at 0, 50, ISO, and 500 pg/SO ,L. Aliquots of

spiked samples were exchanged between labs and each lab analyzed all spiked
samples.



I6The purpose of this interlaboratory comparison was to demonstrate the accuracy
of Battelle's method And the equivalency of results between WRAIR, and

Battelle.

2•.2.1 Assay AutomationI
The atropine RIA was converted to a semi-automated procedure due to

I the many steps and labor intensive nature of this method (see Atropine RIA SOP

in Appendix B). The addition of assay samples and reagents to RIA tubes on

day 1 (standards, samples, buffer, normal serum, anti-atropine antibody, and

3N-atropine) was performed using a Tecan RSP Model 505Z Robotic Sample
Processor (Tecan U.S., Hillsborough, HC). The system was controlled using an
B11M4 Model SSSX computer and the Application Method Integrator (AMI) Software,

v. 7.31 (Tecan U.S., Hillsborough, NC). On day 2, addition of saturated
ainonium sulfate, 50 percent saturated ammonium sulfate solution, distilled

water, and Hydrofluor (Natioral Diagnostics inc., Manville, NJ) was performed
I . manually. The assays used in antibody production including titrations and

specificity testing were oerformed usiny the semi-automated procedure.

I
m R

3.1 Phase 1. Preoaration of Anti-Atrooine Antisera

3.1.1 Preparation of Atrooine-S A Con4JugatI
Atropine Is an organic compound which requires coupling to a larger

carrier protein to elicit antibody formation. rt was conjugated to bovine

serum albumin (BSA) through a heterooifunctional c,-osslinker, p-aminobenzoic

acid (PABA), according to the following scheme. In the first reaction, PAMA

was activated with nitric and hydrochloric acid to yield a dizonium salt.
Next, a carboxyl group was introduced into the atropine structure )'t reacting

diazotized PABA with atropine sulfate. Finally, the carboxylic group of' the
newly synthesized azo derivative of atropine was coupled to the e-amino groupsm

I
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of BSA by a water-soluble carbodiimide method. Uncouplhd reactants and by-
products were removed by exhaustive dialysis.

m 3.1.2 UV Absorotion Soectroscoov

UV spectral analysis was performed to determine the incorporation of

atropine to BSA. UV absorption spectra of M, Atrop' sLlfate, and

atropine-BSA are shown in Figures 1, 2, and 3, respectively, and summary data

are tabulated In Table 1. A.., for atropine occur at 250 nm, 256 nm, and

I Z6Z nm and are distinct from BSA (278 nm). The atropine-BSA conjugate had a

A,. at 268 nm and 340 nm corresponding to the bound atropine and the azo

group of the crosslinker, respectively. These results indicate the covalent

l coupling of atropine onto BSA through the PABA crosslinking reagent.

I 3.1.3 TNBS Analysis

The TNBS assay was used to quantitate indirectly the incorporation
of atropine into BSA by quantitating the remaining free c-amino groups after

l the coupling reaction. According to the Beer-Lambert law, the concentration

(C) of a substance equals its absorbance (A) divided by the molar extinction

coefficient (e). For the ThBS reaction, the f for BSA is 10. Absorbency

values for this assay were converted to molar concentration by calculating

Am /104 and to nanomoles amino groups/mL by calculating A= x 107. The MSA

protein content was also determined by absorbance at 280 nP9 usir.g Ezj of
0.66. A BSA solution in saline had an A. value of 0.573. Using E zso.-

0.66 for the BZA, corresponding to a concentration was 0.87 mg protein/mL or

13 ranomoles protein/mL (67,000 molecular size for BSA). The atropine-BSA

conjugate was adjusted to I mg protein/mL in saline (14.9 nanomoles

protein/mL) and then used in the TNBS assay. Ths average number of free amino
groups for BSA is 39.5 (Table 2). The average number of free amino groups in

3 the atropine-8SA conjugate was 7.2. Thus, the estimated atropine:BSA molar

ratio was 32:1. rn general, a hapten:protein ratio of 10:1 to 100:1 is

I acceptable as an immunogen for antibody production(•3 .

I
I
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I 3.1.4 Size-_Exclusion Chromatographv of Atropine-BSA

The molecular size of the atropine-BSA conjugate was determined byI size exclusion chromatography. Superose-6 gel filtration chromatographic
profiles of BSA and atropine-8SA are shown in Figures 4 and 5, respectively.
It can be seen that the conjugate was a mixture of monomeric and olirimeric
species of atropine-BSA. Oligomeric species were generated during the3 coupling of carboxyl derivative of atropine to BSA by the EDC method as a
result of intermolecular crosslinking through the carboxyl and amino groups of

l BSA. A large molar excess (335-fold) of atropine derivative over BSA and
pre-activation of the carboxylic groups of the derivative with EDC were used
to ensure that the amino groups of BSA reacted mainly with the activated
atropine derivative.

3.1.5 Antisera Production and Characterization

l Antiser Titer. Twelve New Zealand White rabbits were immunized
with atropine-BSA cinjugate. Four of these rabbits were immunized with the
conjugate preparem in MPL + TDM adjuvant and the remaining eight rabbits were
immunized with the conjugate emulsified in Freund's adjuvant. Serum samples
from each rabbit were collected and titrated by determining the percent B/T
for serially diluted samples. Although each rabbit produced anti-atropine
antibody, the percent B/T at a 1:100 dilution varied significantly between
animals and ranged from 5 percent to 44 percent (Table 3). None of the
preimmunization sera demonstrated significant reactivity with atropine. Of

l the twelve rabbits, the best responders were rabbit E6345 in Group 1 and
rabbit 33088 in Group Z as measured by percent binding at 1:100 dilution. The

I development of the anti-atropine responses of rabbits E6345 and 33088 during
the immunization period plateaued for both rabbits at 9 months and no
significant increases in titer were obtained with additional Immunization
(Figure 6). A pooled serum sample containing aliquots from later bleeds of
rabbits E6345 and 33088 was prepared and used for additional characterization

studies and in the atropine RIA.

I
I
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Optimization of Antisera Dilution in Atrooine RIA. Following the

initial titration based on percent B/T, the optimal dilution of the pooled

sera was determined for the standard curves of the atropine RIA. Anti-

I atropine sera at 1:100, 1:200, 1:400, and 1:600 dilutione were tested and

optimal assay characteristics for sensitivity and response range were obtained

with the 1:600 dilution. A representative standard curve for this dilution is

presented in Figure 7 and has a slope of 0.984, y-int~rcept of 5.975, ED5 of

I 43Z.7 pg/50 14, B/T value of 0.32, and correlation coefficient of 0.9903.

Comparing 5 standard curves, the detection limit was variable at the 0.5 ng/mL

i (25 pg/SO ML) and 1.5 ng/mL (75 pg/50 1) levels but consistent at the

3.0 ng/mL level (150 pg/5Op1). Each of these values is based on

quadruplicate determinations for the reference and duplicate determinations

l for the standard points. Therefore, a detection limit of 3.0 ng/mL was

selected. The upper limit of the response range extended uniformly 20 ng/mL

(1000 pg/5O #L). Based on a 1:600 dilution and 205 mL of antisera, Battelle

has an adequate antisera inventory to analyze approximately 24,500 samples in

duplicate with standards and controls as part of this total.

Soecificitv Studies. The specificity of the pooled anti-atropine

antibody was investigated following the optimization of the RIA. The

following compounds were evaluated for crossreactivity in the atropine

RIA: 1-hyoscyamine hydrochloride, atrcine methyl nitrate, (-) scopolamine

l hydrochloride, d,l-homatropine hydrobromide, acetylcholine iodide, tropine,

and d,l-tropic acid. Compounds were eva!uated at 0.148, 1.48, 14.8, and

148 nM. These concentrations were selected to provide concentrations on the

atropine inhibition curve as well as levels 10- and 100-fold higher than the

approximate mid-point of this curve. The inhibition curves are shown in

Figure 8, and the ID0 and percent crossreactivity are summarized in Table 4.

Scopolamine, acetylcholine iodide, atropine methyl nitr'te, tropine, and

tropic acid showed no significant crossreactivity (IDo0 ) 148 nM) with the

atropine antisera at the concentrations tested. The crossreactivity of

tropine and tropic acid was S 1.4 percent at 50 percent B/Bo, and is within

the target range of s 5 percent as specified in the proposal. 1-Hyoscyamine

and d,l-homatropine showed significant inhibition in the atropine RIA. The

ID0 for atropine was determined to be 2.11 nM. Evaluations of specificity

I
I
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were made at 50 percent 8/Bo. The IDs0 s of 1-hyoscyamine and d,l-homatropine
were determined to be 60.58 and 22.49 nM, respectively, with the

crossreactivities at these levels of 3.5 percent and 9.4 percent,

respectively. The crossreactivity of the test compounds was less than 20

percent as specified in the proposal.

Antibody Bindina Constant. The binding constant of the pooled sera

was determined using Scatchard plots of data from the atropine standard

curves. The binding constant was determined from six points on the linear

portion of two inhibition curves by plotting bound cprn/free cpm (B/F) versus

molar atropine concentration. The mean value was determined to be 9.75 x

1O-11 M-1.

I 3.1.6 Comoarison to WRAIR Antisera

l The pooled sera from Battelle and Or. Smallridge, WRAIR, were

compared for assay characteristics in the atropine RIA. Although the total

m bound cpm/total cpm (R/T) of Battelle's antisera is significantly lower than

that of the WRAIR antisera, the slopes and y-intercepts of the linear

regression line are comparable (Figure 9 and Table 5). The ED., ED,,, and

ED, values were higher for the Battelle antisera; however the detection
limit, response range, and binding constants for these antisera were

I comparable. In general, the characteristics of the Battelle and WRAIR

antisera in the atropine RIA were very similar except for the low titer of the

Battelle antisera.

3.2 Phase II. Establish and Validate Atrooine RIA at Battelle

3.2.1 Establishment of the Atrooine RIA

The atropine RIA was developed at Battelle based on the Standard

I Operating Procedure and rabbit anti-atropine antisera provided by

Or. Robert Smallridge of WRAIR. From inhibition curves, the optimal dilution

of antibody was determined to be 1:1600. At this dilution, the percent

binding of five standard curves ranged from 59.8 percent to 60.5 percentt. TheI
I
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precision of the atropine RIA at various calibration points was 5 10 percent
coefficient of variation (CV) for the range of 30 percent to 70 percent B/80

and s 20 percent CV at standard curve values < 30 percent and > 70 percent

B/Bo (Table 6) meeting the criteria established in the proposal. The percent

CV was less than 8 percent over the complete range of the standard curve.

Using 20 replicates of the reference and ten replicates of the 25, 50, and

75 pg/50/ L standards in the percent B/Bo of the 25 pg/50 L (0.934 t 0.035)

IHand 50 pg/50 uL levels (0.853 t 0.054) were not consistently significantly

different from the reference (1000 ± 0.012). Only 75 pg/50 M. (0.743 5 0.070)

was consistently significantly different from the reference and, therefore,

was selected as the detection limit. A representative standard curve for this

atropine RIA is shown in Figure 10. This standard curve has a slope of 1.220,

a y-intercept of 5.939, and a correl;ltion coefficient of 0.99413. The ED..,
ED,,, and ED., are 404.4, 129.9, and 41.71, respectively.

3.2.2 Interlaboratory Comparison

Rhesus monkey serum samples containing atropine were analyzed using

the RIA to determine the accuracy of the method. Serum samples containing 2,

10, or 20 ng atropine/mL were analyzed. The data presented in Table 7

demonstrate that the measured level was within 10 percent of the expected

I value at each atropine concentration. A second experiment was performed in

which Battelle and WRAIR prepared experimental samples consisting of 0, 50,

150, and 500 pg atropine/5O pL rhesus monkey serum. The samples prepared at

each lab were aliquoted into equal volumes and each laboratory analyzed all of
the samples in an interlaboratory comparison. The results of the

interlaboratory comparison of samples are illustrated in Figures 11 and 12.

For the 30 samples prepared by WRAIR, the correlation coefficient of the

interlaboratory comparison was 0.98 with a slope of 0.928 and intercept of

13.94. For the 30 samples prepared at Battelle, the correlation coefficient

l of the interlaboratory comparison was 0.921 with slope and y-intercept equal

to 0.916 and -6.171, respectively. A comparison of the expected values and

the values as determined in Battelle's analyses of the WRAIR samples is

reported in Table 8. The determined value was within 20 percent of the target

value at 0, 150, and 500 pg/50 ML levels (0 percent, 14 percent, and 16

percent, respectively) and was within 23 percent of the target value at

I



E 50 pg/50 o1. Based on these studies, the RIA data from WRAIR and Battelle
were Judged to be equivalent, and approval was obtained from Dr. Smallridge,

m WRAIR, to use this method for sample analysis.

I 3.2.3 Assay Automation

The atropine RIA is a multi-step, labor intensive method. It

m consists of set up, assay drocedure, liquid scintillation counting, and data

analysis (Table 9). During the assay, critical pipetting steps that could

affect assay precision and accuracy were transferred to a Tecan Model 5052

liquid handling system. This system was used to dispense standards, controls,

samples, buffer, normal serum, atropine antibody, and 3H-atropine to the

reaction tube.

The manual and automated procedures were compared to demonstrate

their equivalency before using the automated method for sample analysis or

antibody characterization studies in Phase I. The standard curve for the
atropine RIA was performed by the manual and automated methods and the data

compared. The standard curves from both methods had similar characteristics

(Figure 13 and Table 10) but there was less variation with the automated

method. The precision of the automated method was found to be equivalent to
the manual method with the percent CV values ranging from 1.01 percent to

5.05 percent for the automated procedure and 0.24 percent to 7.63 percent for

the manual method (Table 11). in addition, the use of automation reduced the

m total attended assay time per r,'n from 1240 min (20.67 hr) to 945 min

(15.75 hr) and increased the number of samples per day from 57 to 120 by

permitting two runs per day. In addition, the assay repeats due to technical

errors were reduced from 9.9 percent for the manual method to 3.8 percent with

3 automation. Thus, the benefits of assay automation were increased sample

throughput and reduction of assay repeats with assay characteristics

equivalent to the manual method.

I
I
m
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m4.0 CONCLUSIONS

Low molecular weight compounds such as atropine generally require

chemical linkage to a much larger carrier molecule in order to facilitate

antibody production. In this task, atropine sulfate was linked to a

relatively large carrier protein molecule, bovine serum albumin, through

atropine's phenolic ring. Attachment at this site has been shown by

3Fasth et al .4) and Inoue et al.cs) to produce higher titered antisera than by

attachment at other sites such as the tertiary amine of the tropine ring or

the hydroxy methyl group of the tropic acid moiety. Antibody production was

further enhanced by presenting the conjugate to the rabbits in an emulsion of

atropine-BSA conjugate and adjuvant. The adjuvants provide a nonspecific

stimulus to the animal's immune system and provide for a prolonged release of

the antigen within the animal's body.

3 The magnitude of individual animal antibody responses to antigens

varied significantly which may be attributed to genetic differences. Of the

two best responders, one was immunized with antigen in MPL + TDM adjuvant and

the other with antigen in Freund's adjuvant. The MPL + TDM animal responded

somewhat more slowly, but this may reflect differences in the frequency of

immunizations, route of administration, or other factors. The maximum

antibody level and duration of the responses was approximately equal for

l animals receiving each adjuvant. Once the antibody response plateau was

achieved, the antibody titer did not increase with continued booster

immunizations.

Another explanation for the low antibody titer is the lability of

l the atropine molecule. Atropine is an ester of tropine and tropic acid.

Ouring antibody formation, the atropine-BSA conjugate is phagocytized by

macrophages to form intracellular endosomes. These subcellular organelles

have an internal pH of 4-5. In addition, during antigenic processing,

endosomes fuse with lysosomes containing various degradative enzymes including

esterasesc6 ). Thus, the low pH and esterase content of the endosomes can

result in cleavage of this atropine ester linkage leaving tropic acid bound to

the BSA carrier protein and releasing free tropine. Therefore, the low

antibody titer of these animals may be attributed to the labile nature of

m atropine conjugated to the BSA.

U
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An antibody pool was created with sera from the two best anti-

atropine antibody producing rabbits. The optimal dilution of the antibody was

1:600 for the Battelle antisera and 1:1600 for the WRAIR antisera, and the

percent binding at these dilutions was 3Z percent and 57 percent,

respectively. Approximately Z05 mL of the pooled antisera was created and at

a 1:600 dilution, this volume is sufficient for analyzing of approximately

24,500 samples in duplicate.

The pooled antisera were evaluated for crossreactivity with a group

of structurally related compounds. The hydrolysis products of atropine are

I tropine and tropic acid, but no crossreactivity was obtained with either

compound at concentrations ranging from 0.148 to 148 nM. These results are

consistent with findings of Wurzburger et al.("1 and are significant in that

the atropine RIA will measure the atropine parent molecule but not the major

metabolic products, tropine and tropic acid. A low level crossreactivity

I (< 10 percent) was obtained with l-hyoscyamine and d,l-homatropine at the IDo

level. Hyoscyamine is an 1-isomer of atropine and d,l-homatropine has a

I hydroxy group in place of the hydroxy methyl on the tropic acid moiety.
Although these structural differences are minor, 10-30-fold more of these

compounds were needed to obtain binding equivalent to atropine. Similar

observations were made by Wurzburger et al. Although these data are of
interest in understanding the specificity of the antibody, they are not of

significance in the clinical application of the method since neither compound

is anticipated to be present in plasma samples. Scopolamine and atropine

I methyl nitrate are also structurally similar to atropine with modifications to

the tropine moiety, although the tropic acid moiety is identical to that in

atropine. Neither compound crossreacted significantly with the pooled

Battelle antisera. Likewise, acetylcholine iodide did not crossreact. These

results suggest that the structural differences in the tropine moiety change

the iniunoreactivity dramatically.
Performance criteria were established in the proposal for the

development and validation of the atropine RIA at Battelle using the WRAIR SOP
and antibody. The criteria for detection limit, response range, and the

precision of the standard curve were met, thus providing a method with

experimentally useful assay characteristics for pharmacokinetic studies. An

interlaboratory validation was performed to further validate this method.

Analysis of identical samples at Battelle and WRAIR showed excellent

I
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correlation. The detection limit of the atropine RIA using Battelle's pooled
antisera was 3 ng/mL with a response range extending to 20 ng/mL.. These assay

characteristics were comparable to the WRAIR antisera and were consistent with

the plasma/serum atropine concentrations anticipated in future pharmacokinetic

studies.

In summary, the atropine RIA has been established and validated at

Battelle. Additional anti-atropine sera of satisfactory quality and quantity

has been produced in preparation for future phamacokinetic studies. This

method has also been converted to a time-saving, semi-automated procedure.I
5.0 RECOMMENDATIONSI

The anti-atropine antibody generated at Battelle is sufficient for

sample analyses by the RIA, even though the titer is significantly lower than

the titer of anti-atropine antibody obtained from Or. Smallridge, WRAIR. The

titer could be improved by: (1) conjugation of atropine to an alternative

carrier protein such as porcine thyroglobulin to obtain a higher level of
atropine incorporation; (2) modification of the conjugation chemistry that

avoids extremes of pH may prevent cleavage of the atropine molecule at the

ester site during the conjugation reaction; (3) analogues of atropine may

retain the necessary immunogenicity but with improved stability within the

physiological milieu of the animal; (4) the stability of the atropine

molecule in vivo may be enhanced by the use of an esterase inhibitor, such as

physostigmine.
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Qua1±t-. Contol

1sz Ica-26% s0OP ode 0 so ILL.oU 100w3 ulO 2Cw.].

I 2-28z 250 PqStozc:C C 5w.]IL 330 I. 25w.%. 100w. Ul 24U!.

29-30 5O0a PTSttcdC soAL. 330 al 10 ulO~ 20w.]

I31-3Z Sia-- 1 30 %1 330 UlJ 100 w.1. 20 wI.

n3-34 3a~Is Z 5Oal] 3.30w. lO 1w0I 20 41
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r/il. SCOPE/PURPOSE:

The purpose of this Standard Operating Procedure (SSp o d e a
Radioinmmunoassay method employed in the determination opine
sulfate concentrations.

III. REFERENCES:

1. Wurzburger, R. J3., Miller, R Boxi bau a .Sp~ r.
1977. Radiainmmunoassay of ine lasma Ph
Therap 203: 435.

Z. Kradjan, W. A., Small ,Davis a. ,m a95
Atropine Serum Conc. ions sO
Atropine Sulfate. Pharmacol -

t'V- DEFINITIONS: Non

S.P2 ýt ore o PS et 1-90  Te PB s tbe (PBr a 7eio.f5n

Ionh from the date of lirerarSt1on.

~2 t~Cmbn the poltoig reagent tol p re ngar e 500um e s turte

ammonium sulfate:

(NH,) SO, 257.6 gramsI distiýiled w~ater 1500.0 ml
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2. Do not adjust pH. Store at 1-90C. rhis reagent is stable
a period of one month from date of preparatida. Prepare

least 24 hours prior to use.
C. Preparation of 50 percent Saturated Ammnonium Sulfate

1. Combined the following reagent epare 300 mn o 0 rcent
saturated ammonium sulfate:

distiý1led water M

32. Do not adjust PH. S . h "rh eagent is
a period of one mo, ate - pa, n. Prepare
least 24 hours p o u

I0. Preparation of 3H- ~ e Stock So'

I. IHI-Atropin -pre - "*,n PBSPraino
dpproxi 1 4000 . 1. This maer liquoted and
stored 0 (1 5).C. abe in- able for a
peri one year.

Zaliquot daily. .pose of~ eftover material
e on of the ex ent acc to Battell e SOPU or disposa dioactive rials.

Wei h a~ mum of 164 ~g atropine sulfate. Mix

3. s for aperfi one yeam mtedeofppatin

e dilteried a ntbd fresimidaily. testovgTer materia maybe frse

and used for repeat analyses Performed within a period of five3days. Thereafter, dispose of the diluted material.

G. Normal Serum

11. A stock of normal serum obtained from the same species as that
of the serum samples being analyzed will be aliquoted and
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stored at -70 (± W)C. rhe frozen stock-ATs-stable for a pie
of one year.

U2. Aliquot(s) of normal serum are thawed freshl`S'11Nbe day.
The serum is used undiluted in the assay. Unuma3 ~be frozen and used on a subsequ& test day.

H4. Test Samples

U1. Test samples are stored 0 (t

RIA Set Up (Day 1)

1-. Prepare atropine a A an res ily from a
freshly thawed t a rim ra k solution

a) Combin ary Atrop St 990 _4 S

b) Corn O'al Di a + a4990O'l Ps an b)

- *over ne Stocks A 8 and Dilu As a and b at the

j/ ~Stok DyZ tock ckAwith 1.3 ml norma
deie fro hee cis as the sera underanls.

volume s may be mo dified .proportionately in order t rpr
uc rrect- volume f or larger or smallerexrinns Dsps

5. procedure ps set upaoecrbdo the dmtra attaheed oforme

dentit ed A fromn Sufthe-' Radiosunasteseay rubder anatup es
Reg luen s mar e a miquo ied t ropo2rti5ommtplys inyrener RIA pubespine

order from left to right as indicated in this form.

36. Upon adding all reagents, vortex each tube 5-10 seconds.

7. Incubate the tubes 20 (= 1) hours at 1-.90C.
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I8. Prepare the total counts control by addinVI20 a] 3H-atropin
each of two 20 mil scintillation vials. gddýz.fl..0 ml Hydr uo

.- ~ 3 and 1.0 ml distilled water to each via] a'T~

Coapletion of RIA (Day 2)

.11. Add 0.5 ml 100 percent satura onium sulfate ea RIA

Isupernate with a pasteu et tra e

I . Add 1.0 ml 50-per t _ anmmo ulf e to each. tu

1(1550 x g) for' I utes ramaewt a

I3.. Add 1.0 stille t ahuev h elt

4. rr he contents of eac tu sepa

2. drofluor and sfer the -to the respective

AIM
6 un s K- m-inutes r to dpreset error ofIen n a;`L;Jquid scin t tion counter.

~malsisis p'rfRiaCalc OM, Version 2.55

harmacia Wallac). Ueported as ng/ml.

I1. 11 equipment and instruments will be operated, calibrated, and
maintained according to their respective SOPs.

I 2. The study director or his designee will review all raw data,
completed data forms and other perti4nent study records.
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3. The form entitled "Atropine Sulfate Radioimmunorassay Tube Setuo
details the contents of each standard, controXiuid samiple tu anIwill be employed daily during assay set up to irý correc 7
distribution of reagents.

I4. The form entitled "Record For trsr nts, Equipment, ts Used
UFor Radioininunoassay* will tie usdument allI reag s d

equipment used in an' assay.

S . The form entitled "Atropine S RIA t"be ut d
t:) record the identification ass!&sequ~ c 5
samples for an assay

I6-. Prepparation of buffers d et e cre nt
attached form entit le ffe nt P a -

I7.. A series of low, m and ihcu' nec

I .8. Additional rnal parameter t n(intercep e regression curve tn ete e computed
byRaheewllb...e orxeimn n

Iev y__dretr
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J UFFER/REAGENT PREPARATION

Buffer/Reagent:

(Reetuagient and VDaie) ____________________

___________ ~n1p:_________________

Caui~ets

Preare 1y: IM_________________ ae __________

Ra neviwdB: ion:_______________ DaeN____________
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ATROPU-NE SULFATE- R.ADIOL'VALMNOASSAY TUB-C SZ7UP

I STU~-17DY CONTR~OL No._______ ?ROIEC7,No.:________

DATE___ RUN1'~o ____ AG1.___

No.__ _ _ _

IU T. Tube ~ ____ _ .__ ... u

2) T. Tube jNoce~

£ j NSBI None ,. W~uLj hou-L.

50 pq No"e
6optfNne 0- j m0Ljl.--.40O uL :0 U1.

7i 0 p% 'None Ou

12 50 S !,%%- Itck 3 0ýOuL ~ ION '4 :oL

163 100p 100. u Sý rl...i 1 L L ___

175 p 0uLý . Stock 1 7 is !0u.L.,t tDOV I.J 1 :0sL.

A 15 ~ P; 50LcoA UL 900u

I Z7~I 100-g 1 to~so :30m±LI __0_ ________

291, 2.5g ~uL 1~C 03uL U~L [ u OuL.

30 2~o L .i Soc C 3%--0aL. jL 10ui. :0 111
31 I Op;! uLsoc C I Co q±.j :0ui UVL

3 3! 5Ofo;r x TX 1cx 310 uLI 5 Li LO :0o ~ v
20 u~~I( L V (0CX A F19pt, .32 10 0oL 001L^..

7ecýaa ii U Le StockA_0______0_____0__

30nwe 3v _________50____100_____0__

I0j tc 9 L1 ! L 10u
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I Atropine Sulfate RIA Run List
(Rzdioir-nmunoa~s~vLaotry

Battelhc, 30i King Avenue, Columbus- *,H4;2101

Date: _______ Run \o._____ page NO.
Study Control No____- -?ocN.

T ube1 Sample M or Cadc Draw Draw W~ao oz
No] (Sourc:) Time Dat 5zc, I

I~A AV_____I

I _________

,AI ____ 5 ___

Ocermcor ir: : ___ ___
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RECORD FOR INISTRUNMENTS. EQUIPMENT. REAkGENTLS At
USED FOR RADIOIMMUNOASSAY

.SN JaumwswmfuMdi att

I Gamma_ _______I

U~ ______auc _____ _____

I~~ ~~~ __ _ __ _ __ _ _ __=a_ __-_ __ _ __

3=4 j Ia.I~wa (Tem.)mZ4 W

7i
I reca~n S~zrur

Ounr 3v.aua71e

Io e M
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I FIGURE... 4-:•. .. S• EXLU ION .....R ATE O.-- BS.....
S....200---(1 i--g /r--.L) AS -P -: A:- -- ."--ROSE-

4-"-- i Elut,,o, Volume (mL[) • :

I Code No. 19-7288-01 Code No. 19-7',

i ~FIGURE 4. SIZE EXCLUSION CT..IRLOMATOGR.APHY OF BSA.
200 ;LL (1 mg/m[L) WAS APPI •T TO A STJ'?EROSE-6
COLUMIN

I
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Atropinc-BSA - -L:. RuS~u

N A~z~ine-3A - 3

U -.- -,

I0
6 _0 _4 -

I-

________ -u,)n Volume (mL) 7

FIGURE S. SIZ EXCLUSION CHROMATOGRAPHY OF ATROPINEBSAI ~CONJUGATE. 204) gL ATROPINE-BSA (1.0 mg/nIL) WAS
APPLIE TO A SUPERCSE-6 COLUMN
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FIGURE 6. DEVELOPM• OF ANII-ATROPINE ANTIBODY RESPONSE.
ITIER IS EEPRE•SED AT %B/T FOR 1:100 SERUM DITLUTIONS.
SRABBIT E6345; ,- RABBIT 33088.

I
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0.90 - _ _

0.I

<1 ~~0.1001110

Concentraffan (nil)

FIURE S. SPECI=CT OF ANTI-ATROPINE AYITBODY.
-o-, ATROPINE,- -a- DL-HOMATROPInE4-
-A- L-HEYOSCYAMhEN, -A- (-) SCOPOLAMINE;
-I - ATROPINE IMEiXYL NTTRATE,- -C- ACETLCHOLINE

IODME, -U-D,L-TROPIC ACID; - - TROPINE
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so i~ Soo. 1,,,, Z1'"1

I
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I *
I

SFIGURE 9. COMPARISON OF BATrELLE AND WRAJR ALNTISERA.
Anti-atropine antisera was diluted to 1:600 for Battelle (a)I and 1:1600 for WRAIR (b).
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FIGURE 10. ATROPINE STAJNDARD CU~RVE..

THE CURVE WAS GEYERATED MANUALLY
USING WRAIR ANTISERA DILUTED 1:1600
DURING TH. ¢ALIDATION PHASE OF THE
STUDY.
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I FIGURE II. InTR ORATORY COMPARISON OF ATROPLNE RIA
SAIMPLS PREPARED AT WRAIR
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"0.8 r=0.921
Intercept=-6.171
Slope=O.916

0.6.

O0A <i
0 .2-

0 0:.1 0 0.3 0.4 0.5 0.6 0.7 .0.8 0.9

| Battelle Analysis (Thousands)I
I
I

I TGRE L.- tNTEP-LORATORY COMPARISON OF ATROPINE RIA

SAML•ES PREPAREI AT BATTELLE
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TABLE 1. UV ABSORPTION OF ATROPINE, BSA, AND3 ATROPINE-BSA CONJUGATE

SS'Ample . Absopt-foni Mindfs"~ ________

i ii

S8SA 278 ram 0.066
A Atropine
Sulfate 250 nm 0.44 256 nm 0.53 262 nm 0.41

[Atropine-BSA 268 nm 1.080 340 nm 0.520

3 a Determined on Beckman OU-50 Spectrophotometer.

I
'I
1
1
I
I
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II

I TABLE 2. SUWIHARY OF TNBS ANALYSIS FOR 8SA AND ATROPINE-BSA

I BS- 50 0.65 0.246 24.6 37.8

BSA-100 pL 1.30 0.535 53.5 41.2

Atr-BSA-50 p1L 0.746 0.055 5.5 7.4

Atr-BSA-100 p 1.J .492 0.103 10.3 6.9

nanomoles of free amino groups/mL - corrected Am x 100.

I
I
I
!
I
I
I
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I
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I TABLE 3. RABBIT ANTI-ATROPINE TITERS

- Iabb •tNumbery- Bo.unde

E6345 44

E6370 32

33088 45

32564 10

32492 12

33169 s

32578 15

32522 20

32597 26

33023 32

binding at 1:100 dilution

I
I
I
I
!
I
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3TABL E 4. SPECIFICITY OF ANTi-ATROPINE ANTISERA

_______________ W ( nmj' jg Coszsreactfitfty,

atropine sulfate 2.11

1-hyascyamine 60.58 Me5

Idrd1l-hamatropine 22.49 9.4
cscopolamine a-148 :9.

acetylicholime iodide al 48 ____________

r atropine methyl nitrate LE 48 S_____._____

tropine ;,-148 :1. 4

t tropic acid 2!148 s1.4

' % CrvUz Reactvty D5 opnSubex 100%
LD50, Tar Compound
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ItI 0-5

II,
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I
I

I TABLE 5. COMPARISON OF BATTELLE AND WRAIR ANTISERA

I Initial Dilution 1:600 1:1600

SR/T 0.32 0.57

•IB/T 
0.01 0.01

SSlope 0.984 1.156

3 },-intercept 5.975 5.515

correlation coefficient 0.99034 0.99917

ED,n 1770 392.5

EDqn 432.7 118.3

I ED,, 105.8 35.63

Detection Limit 3.0 ng/mL 1.5 ng/mL

SResponse Range 3.0 - 20.0 ng/mL 1.5 - 20.0 ng/mL

Binding Constant 9.75 x 10-" M" 2.8 x 10"10 m'I

I
I
I
I
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TABLE 6. STATISTICAL ANALYSIS OF STANDARDS FOR
ATROPINE RIA INHIBITION CURVE

. fbrattimx Mean

NSB 4 68.9 ± '.97 4.3

I Reference 14 6779.7 t 207.7 3.1 100
(Zero)

25 pg 2 6202.1 t 139.3 2.3 91.4

50 pg 10 4956.3 ± 385.4 7.8 72.8

75 pg 2 4436.4 ± 44.1 1.0 65.1

3 100 pg 2 3754.7 ± 298.7 7.9 54.9

150 pg 11 2879.5 ± 117.5 4.1 41.9

250 pg 2 2022.8 ± 15.5 0.8 29.1

500 pg Iz 1189.7 ± 40.96 3.4 16.7

3 750 pg 2 840.5 ± 16.83 2.0 11.5

1000 pg 12 632.3 ± 33.13 5.2 8.4

2000 pg 1 310.9 -- 4.6

I-

I
I
U
I

U,
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TABLE 7. RECOVERY STUDIES OF ATROPINE IN RHESUS MONKEY SERUM

[Expected: g4easured. .

size, ~ L) acqJav ~. leorec

Z ng/mL _ _ 50 100 pg 99 2.1 99 Z.1

10 ng/mL 5 50 500 pg 528 t 11 105.6 t 2.2

20 ng/mL 5 50 1000 pg 920 ± 57 92 ± 5.7

I
"I1]

I

!/

I
I
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TABLE 8. COMPARISON OF RECOVERY STUDIES FOR ATROPINE IN

SPIKED RHESUS MONKEY SERA PREPARED AT WRAIR AND
ANALYZED AT BATTELLE

IAttual- Clincentratfo Kr easured Concentrat-ion:
* __________________ pg/O~p)~ '~&pectie4d`

S I 0 :is 100

"so 38.4 10.7r 77

150 171.3 11.4 114

500 580.2 - 36.9 116

I The actual concentration of atropine in the sample as prepared by WRAIR.

b b The atropine concentration in the sample as determined at Battelle

during the interlaboratory comparison.

SMean t standard deviation of duplicate determinations.

d % expected calculated by dividing measured concentration by actual
concentration.

., I
'I

I
I
I
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TABLE 9. OUTLINE FOR THE MANUAL AND AUTOMATED ATROPINE RIA

Assay Step• TIme, (minutes)

ASSAY Manual Automated

Set up Atmended Elapsed Attended Elapsed

prepare reagentss 60 60 60 60

setup est tubes in racks* 60 60 60 60

Assay
add reagents (7) to tubese 300 300 5 45

vortex each tube 30 30 30 30

ncubate 20 hours 5 1200 5 1200

clean up 30 30 30 30

add saturated ammonium sulfate 45 45 45 45
vortex 15 15 15 15

incubate 15minutes 0 15 0 Is
cemtrifuge 10 30 10 30

aspirate supernatant 60 60 60 60

add 50% satd ammonium sulfate 45 45 45 45

vortex 15 15 15 15

[.incubate 15 minutes 0 15 0 15

centrifuge" 10 30 10 30

aspirate 60 60 60 60

add dH20 45 45 45 45

vortex 15 15 15 15

transfer to scintllation vial 60 60 60 60

add LSC solution- 60 60 60 60
I ~DETECTION

transfer vials to counter 30 30 30 30

set up LS counter/computer 5 5 5 5

count vials (approximately 10 min/tube) 0 1400 0 1400

clean up 30 30 30 30

DATA ANALYSIS

set up RIAJCALC software 5 5 5 5

manually enter data 30 30 30 30

analyze da= 5 5 5 5

review data 30 30 30 30

document data 180 180 180 180

TOTAL 1240 3905 945 3650
I Step perormed by second technician.

Time in minutes for 140 tubes (standards, 40 samples, and controls in duplicates)
Automated steps perfbrmed by Tecan liquid handling system
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TABLE 10. COMPARISON OF THE MANUAL AND AUTOMATED ATROPINE RIAM

R/T 0.67 0.57

B/T 0.01 0.01

Slope 1.135 1.156

y-intercet 5.388 5.515

convieation coefficiaeu 0.99835 0-09917

ED20 392.1 392-5

ED5o 115.5 118.3

EDW 34.04 35.63

Dection Limit 0.5 ng/mL 0.5 n__mL

Response Range 0.5-20.0 ng/mL 0.5-20.0 ng/mL

% CV for Standards 0.24%-7.63% 1.01%-5.05%

Mana and automated assays performad wit WRAIR aniusm • Ilutad: 16M



0-11

I
I
I
I

TABL13 11. COMPARISON OF THE PRECISION OF
bMANUAL AND AUTOMATED ATROPINE RIAS

NSB 46.3 3.6 7.8 50.3 3.3 6.61

Rafvw= (0) 2768.7 28.0 1.01 3127.0 109.5 3.50

25 2399.1 992 A.13 2362.2 5.7 0.24

50 2017.8 79.5 3.94 2392.6 182.6 7.63

75 1797.3 64.1 3.56 2042.2 42.1 2.06

100 1037.8 26.9 1.75 1726.3 19.6 1.13

150 1150.6 13.8 1.20 1288.7 38.4 2.98

250 2.0 42.0 5.05 901.5 27.5 3.05

500 462.5 4.9 1.07 529.1 9.2 1.73

750 3"4.8 7.8 2.26 386.9 7.2 1.86

1000 271.8 7.0 2-58 30.4 5.8 1.87

I
i
I
I
I


